SUMMARY The inheritance of Duchenne muscular dystrophy in 25 families was studied with 13 X chromosome specific cloned DNA fragments from 10 loci in and surrounding Xp2l. When multiple probes were informative, the meiotic exchange points for each meiosis were located in individual families. Neither genetic nor physical evidence indicates an unusually high recombination rate across Xp2l in these 25 families.
Duchenne muscular dystrophy (DMD) is an X linked human genetic disorder with a frequency of one in 4000 live male births. In recent years 12 females have been described with phenotypes similar to DMD and each of these females was found to be a carrier of a balanced X;autosome translocation involving the Xp2l region of the human X chromosome.' Several patients with deletions of the Xp2l region and the associated DMD phenotype have also been described. [2] [3] [4] [5] Formal genetic linkage analysis in DMD families, in addition to the physical X chromosomal abnormalities cited above, supports evidence that the DMD locus resides in Xp2l.6 7 However, while physical and genetic data clearly locate DMD in Xp2l, a close cloned marker locus DX5164 (pERT87), which is able to detect microdeletions in DMD patients, 8 iS still an appreciable genetic distance from certain DMD mutations.9 10 Recently, the idea has been proposed that there might be an increased frequency of meiotic exchange within or nearby the DMD locus.1' To test this hypothesis, 13 X chromosome specific cloned DNA sequences from 10 loci surrounding or within Xp2l were used to follow the inheritance of DMD in 25 families. The meiotic exchange points in these 25 families were mapped for the Xp2l region. The physical relationship of the various loci relative to one another was determined by mapping the 13 cloned DNA fragments versus X;autosome trans-locations and cytologically detectable deletions. Two of the previously published cytologically detectable deletions have been estimated to be missing between 10 and 20 million base pairs of DNA,12 L allowing for the assignment of approximate relative distances between the cloned DNA loci within this region. The incidence of meiotic exchange within the region of approximately 20 million base pairs of DNA using these 13 
The cloned loci tested here are presented to the left of the table, and the DXS numbers for each locus are given in parentheses. Some clones have been previously mapped relative to some of the breakpoints in the cell lines used in this study. Each cell line is described, followed by a reference and the cloned loci previously mapped. The cell lines were as follows: 2470, a 46,X,del(X) human cell line with an interstitial deletion from Xpll to Xp22 on one X chromosome13 23 (L1-28, OTC, C7); KC, a 46,X,del(X) human cell line with an interstitial deletion from Xp2l-1 to Xp21-3'2 (L1-28, OTC, 754, C7, 99-6, D2); BB, a 46,Y,del(X) human cell line with an interstitial deletion from Xp21-1 to Xp21-3 and RP, CGD, and DMD2 (L1-28, OTC, 754, C9, 99-6, D222: pERT145, pERT84, pERT87); RUS, a DNA sample isolated from a human male with an interstitial deletion in Xp21, the phenotype of DMD, and glycerol kinase deficiency; RON, a DNA sample isolated from a male with an interstitial deletion in Xp21 and only GK deficiency; TJ, a DNA sample isolated from a male with DMD, GK deficiency, and an interstitial deletion in Xp2l; MIC, a DNA sample isolated from a human male with DMD, GK deficiency, and an interstitial deletion in Xp2l; EDN, a rodenthuman hybrid cell line DNA sample with human X chromosome representation from Xp21 to Xqter24 (generously supplied by Dr Y Boyd); B12, a rodent-human hybrid cell line DNA sample with human X chromosome representation from Xp2l to Xqter, although it has a different translocation break from EDN25
(pERT145, pERT84, pERT8722); 617, a rodent-human hybrid cell line DNA sample with X chromosome representation from Xpl-3 to Xqter2l (L1-28, 99-6, D2) (the breakpoint of the translocation chromosome in this hybrid line is currently being redetermined, for the previous assignment is inconsistent with the probe results and other breakpoints); 422, a rodent-human hybrid cell line DNA sample with human X chromosome representation from Xpll to Xqter2l (L1-28, 99-6, D2). For the human cell lines with a normal X chromosome as well as the deleted X, hybridisation intensity was used to judge whether one or two copies of a probe was present. The symbol -refers to the absence of the cloned DNA in the abnormal X, + indicates normal hybridisation, and NT indicates that this sample has not been tested in our laboratory with these cloned DNA loci. The cloned fragments LI-28 and 754 were provided by Professor P L Pearson of Leiden, The Netherlands.6 27 The cloned fragment OTC was provided by L Rosenberg of Yale University.28 29 The cloned fragment C7 was provided by J-L Mandel of Strasbourg, France. l The cloned fragments 99-6, D2, and the pERT87 clones were isolated in our laboratory.8 16 The allele frequencies for the various loci were as previously published or calculated as part of this study.
The observed heterozygosity was calculated from the proportion of women in this study heterozygous at a particular locus relative to those who were not. (SB, fig 1) . Within the distance between the cloned sequences 754 and D2 (which includes pERT87-15) there were no meiotic exchanges observed in the three possibilities. The more distant clone, Li-28, shows the single meiotic exchange point across the region in this particular family.
The cloned DNA segments of pERT87 have been observed to detect microdeletions of the DNA of boys affected with DMD.8 Of the 25 families studied in this analysis, two families were observed to have heritable deletions of the pERT87 region. In addition to deletions, one family seems to have a member who has a duplication of the pERT87 region. This DMD male was identified as having a duplication due to his consistent hybridisation intensity for the pERT87 cloned DNA segments which was similar to that of a female. The same nitrocellulose filters probed with other cloned Xp fragments never yielded hybridisation intensities similar to a normal female. Family members were tested ( fig 2) and it appears that this subject's mother, who was deemed a carrier based on a considerably raised CK level, has normal two copy hybridisation for the pERT87 probes. The unaffected brother of the duplicated male has single copy hybridisation intensity for all probes tested; he also has the opposite alleles to his brother for Xp loci, as shown in fig 2. The duplicated region of the DMD male appears to be large, encompassing all the pERT87 subclones (data partially shown), but not J-Bir or D2, as seen in fig 2, nor 754 (data not shown). The manner in which this duplication yields the DMD phenotype is unknown, but for both deletions and duplications these major disruptions in the region are presumably the cause of the disorder. Of interest to this study was the observation that there did not appear to be an increased or decreased frequency of recombination for surrounding loci in the two families segregating for deletions or in the one family with a male with a duplication of pERT87. In one family segregating for a deletion, there were no recombinants observed in three meioses. A second family segregating for a deletion showed a single meiotic exchange between the cloned DNA sequences C7 and D2 in three meioses. The family with the subject with a duplication of the pERT87 region exhibits one recombinant in two meioses between By observing the segregation of alleles for various FIG 
